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DISPLAY OR IMAGER DEVICE 
WITH INTEGRATED WAVELENGTH FILTER 

5 Field of the Invention 

The present invention relates generally to color display and imager apparatus and 
more particularly to the fabrication of a filter structure usable in flat panel displays and image 
capture devices. 

1 0 Background of the Invention 

In the field of Flat-Panel Displays (FPDs), Liquid Crystal Displays (LCDs) have the 
commercial lead over all other competing technologies, like Plasma Displays, Light Emitting 
Diode (LED) Displays, Field Emission Displays, etc. 

However, it is recognized that further progress is required in some of aspects of 

15 FPDs, in order to improve their overall performance. One such component, is the formation 
of color filters. This difficulty is also encountered in the making of Image Capture Devices 
(Imagers), like Charged Coupled Devices (CCDs) and Complementary Metal Oxide 
Semiconductor (CMOS) Imagers, which are the most widely used types of Imagers. 

For direct view, passive (no light-emission) color displays, color filters of the three 

20 primary additive colors (Red, Green, Blue - RGB) are provided on the panels themselves, 
through the arrangement of color dye elements on the front-side panel (which is transparent). 
Each color dye element must be aligned with the respective switching element, separately 
fabricated on the backside panel. The switching element is part of an "addressing matrix", 
that can be passive or active. 

25 Passive FPDs, like LCDs, do not emit light by themselves, and illumination is 

provided from backside or frontside, for transmission or reflection displays, respectively. 

Imagers, by nature, are also passive devices. Because CCDs and CMOS Imagers, are 
made with homojunctions, the band-gap is not engineered, and therefore light absorption 
cannot be tuned (at the absorbing medium) for any particular wavelength. 

30 As it is an intrinsically medium, a passive display or an imager offers advantages from 

the power consumption standpoint. On the other hand, since no light of any particular 
wavelength is emitted, either to project an image (passive FPDs) or to capture one (Imagers), 
some sort of color filtering (of the white light which or impinges upon them) is needed to 
make color displays and cameras. 

35 For projection type of displays, color output can be provided by optical setups that 

cannot be integrated, like a simple rotating color wheel in front of a single small panel, or by 
overlaying the images of three different panels, each with a filter of one of the three primary 



nnMBRhAATinN copy 



WO 00/77566 2 PCT/EP00/05588 

additive colors. In the last case, a more complicated optical set-up is needed, where 
mechanical alignment of the three images projected by each single primary additive color 
panel, is critical for image quality. 

Quite similar setups are possible, and in fact used, with Imagers in order to improve 
5 the resolution and other features. With a single photo-detector that has three color filters, 
simplicity, size and cost optimized. For improved resolution, beam splitters are used to 
provide the same image to three different detectors, each with a single color filter for each of 
the primary additive colors. M 3-Chip n cameras are a common architecture to deliver the best 
performance, for the professional market and for the high-end segment of the consumer 
1 0 electronics market. 

For Imagers, higher resolution, typically means reduced pixel sizes, and smaller 
active areas for light absorption. Therefore a trade-off between the signal to noise ratio, read- 
out speed, and signal intensity has to be made. These conflicting requirements lead to 
compromised performance that can only be satisfied with "3-Chip" solutions, having I chip 
1 5 assigned for each of the primary colors. 

There are important technological issues with color dye materials, which ultimately can 
limit the progress towards higher resolution, better performing Displays and Imagers: 

• The amount of light which is absorbed in the color dye itself. 

• The cost of better color dye, with less light absorption. 

20 • The toxic properties of more transparent color dye materials. 

• Scalability of the fabrication methods of these color filters due to alignment problems. 

• The color dye cannot withstand high temperatures, which are necessary to reduce the 
resistivity of ITO (relevant for LCDs), and causes integration problems with CMOS 
(important for Imagers). 

25 

It has been well known in the microelectronics industry, almost since its beginning, 
that when thin Si0 2 (and Si 3 N 4 ) films are formed on a polished silicon surface, the color 
changes with the thickness. There exist tables relating the color to film thickness ("Physics 
of Semiconductor Devices", S. M. Sze, 2 nd Edition 1981, Wiley & Sons). 
30 This effect appears because for the visible range of electromagnetic radiation, the 

silicon polished wafer has mirror-like properties. The Si0 2 film, having refraction index 
significantly different than the silicon wafer and than from air, acts like optical cavity, 
enhancing a single wavelength (or narrow range of wavelengths) while dampening all other 
"colors". 

35 The optimum size for a cavity made of Si0 2 , is given by the formula below, where 

the 570, film thickness, divided by half of the wavelength of the photons in Si0 3 equals /w. 
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where m is an integer larger than 1 
wavelength is strongly enhanced. 



with 

j- x XiVacuum) 

5 A( S i0 2 )=-^ 1 

and n is the index of refraction of the medium. 

This kind of filter is widely used in spectroscopic measurements. High performance 
Fabry-Perot cavities include high reflectivity metallic mirrors and cavity materials with large 
index of refraction, in order to maximize reflection. 
10 The experimental evidence, and the solid theoretical foundation which explains the 

microcavity interferometers, are the basis of the present invention. 

Summary of the Invention 

It is therefore an object of the present invention to provide a novel and high efficiency 
15 wavelength filter structure usable in Flat-Panel Displays (FPDs) and Image Capture Devices 
(Imagers). 

Another object of this invention is to provide a method for the fabrication of 
addressing matrices for Flat Panel Displays and Imagers, which are integrated with a 
photonic wavelength filter. 

20 An addressing matrix for flat panel color display or imaging device or the like has a 

photonic wavelength filter structure positioned on one face thereof such that it is located 
between the addressing matrix panel and the light-valve means of the color device. 

The photonic wavelength filter structure includes, for each color wavelength, a stack 
of microcavity films having a specific thickness or width and/or a substantially refractive 

25 index. The stack of microcavity films for the different color pixels can be positioned side-by- 
side or on top of each other. 

Unlike conventional color dye filters, the wavelength filter structure according to the 
invention can be made integrated with the addressing matrix (whether active or passive) on 
the back panel of the display. Therefore, alignment between the front-side and back-side 

30 panels is no longer required, and will no longer be a barrier for further pixel scaling (higher 
resolution). 

The advantages of the invention can be summarized as follows: 
• Dispenses from color dye and avoids all the issues related with its use in the 
fabrication of Flat-Panel Displays and Imagers. 
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• Independent of overall panel size, or shape. 

• Independent of the mechanical substrate: Glass, Plastic, etc. 

• Independent of addressing mode: Passive- or Active-Matrix. 

• Independent of electronic substrate: amorphous, poly or single crystal. 

5 • Independent of the device architecture: Thin Film Transistors, standard Planar 
MOSFETs, Vertical MOSFETs, etc. 

• Fabrication can be integrated with addressing-matrix. 

• No alignment to be made between front- and back-panels. Therefore alignment is no 
longer an issue when scaling to smaller pixel sizes and/or higher pixel densities. 

10 • Arbitrary choice of primary colors by selecting the appropriate optical path length 
(film thickness and refraction index), rather than employing different materials for each 
different color. 

• Materials and processes compatible with microelectronics can be used. 

• Color dye no longer set processing constrains on the processing of the conductive 
1 5 transparent front-side electrodes (typically made with /TO). Therefore, by making the 

electrodes thicker and deposited at higher temperatures, it is possible to lower the 
resistivity of these electrodes. (This issue is only relevant for certain types of "Light- 
Valves"). 

20 Exemplar)' embodiments for the filter structure of the invention and the method of 

fabricating same will be described in detail in the following, reference being had to the 
accompanying drawings. 

Brief Description of the Drawings 

25 FIG. 1 is an exploded schematic view of a flat panel display incorporating a first 

embodiment of the filter structure according to the invention; 

FIG. 2 is a schematic representation of a variation of the filter structure of FIG. 1 ; 

FIG. 3 is a schematic representation of a second of the filter structure according to 
the invention; 

30 FIG. 4 is a schematic representation of a variation of the filter structure of FIG. 3; 

FIG. 5A to FIG. 5D illustrate the fabrication of the filter structure shown in FIG. I ; 
FIG. 6A to FIG. 6D illustrate the fabrication of the filter structure shown in FIG. 2; 
FIG. 7 A to F1G.7C illustrate the fabrication of the filter structure shown in FIG. 3; 
FIG. 8 represents a variation of the filter structure shown in FIG. 4; 



35 



WO 00/77566 5 PCT/EP00/05588 

Detailed Description of the Invention 

Referring to FIG. I, there is shown how a photonic wavelength filter structure 
according to the invention is integrated in the addressing matrix of a flat panel display. The 
components of the display are identified as follows: 12 designates the back panel with the 
5 addressing matrix, 14 designates a filter structure according to the invention, 16 designates 
light valves and 18 designates the front-side panel. The filter structure 14 comprises a stack 
of films for each primary color. Each stack is comprised of a bottom metal mirror 21 and an 
optical cavity layer 23. A metal mirror 25 can be placed on top of the stack. Such stacks are 
compatible with metallization processes used in microelectronics and are suitable for 

10 integration on the back-panel with the addressing matrix of any Flat-Panel Display. 

Filters for different wavelengths (colors) are obtained by providing different optical 
path lengths, that is, by fabricating cavities with different film thicknesses and/or different 
refractive indices. The filters for the different colors can be implemented side by side as 
shown in FIG. 1 or on top of each other as shown in FIG. 2. 

1 5 Cavities for the three additive primary colors Red, Green and Blue (R, G, B), should 

have the following properties (the exact wavelengths for the different colors are not 
universal): 

Thickness of the cavity material for Red color filter = (700nm /2)/n. 
Thickness of the cavity material for Green color filter = (550nml 2)1 Ti . 
20 Thickness of the cavity material for Blue color filter = (400nml 2)/n . 

Materials suitable for optical cavities and widely used in microelectronics are for 
example, silicon dioxide (SK) 2 ) and silicon nitride (S7 ? jV v ). Their indices of refraction are 
Ti(Si0 2 )= 1.46, and n(SijNj) « 2.05. 

Diamond can be an even better material for the optical cavity due to its larger index 
25 of refraction (2.45). Although a non-standard material in today's microelectronics, it should 
not present insurmountable barriers with the appropriate process flow. 

The Photonic Wavelength Filter structure described above is pixel-specific, and 
applicable to any type of Reflection-type Display: projection or direct view, with passive or 
active addressing, and on amorphous, poly or crystalline substrates. In Reflection-type 
30 Display, the color filters are positioned in between the "addressing-matrix" and the "light- 
valve". 

The key feature in the structure is the presence of the optical cavity between two 
surfaces with sufficiently different refraction indices. The larger this difference, the stronger 
the reflection is. In order to optimize this effect, the quality of the interfaces should also be 
35 high (small surface roughness), to maximize interference effects, and prevent losses due to 
scattering at the interfaces. 
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Metals like aluminum and silver provide a nearly constant reflectivity for the entire 
range of visible wavelengths. Therefore, these metallic mirrors are taken to be wavelength- 
independent (for that range of wavelengths). One drawback of metallic mirrors is that they 
absorb a fraction of the light traveling through them. There is a tradeoff between the 
5 reflectivity and the absorption of metallic mirrors. 

Fixed-wavelength Fabry-Perot interferometers have been demonstrated in silicon- 
compatible technology ("High-Selectivity Single-Chip Spectrometer for Operation at Visible 
Wavelengths", J. H. Correia, M. Bartek, R. F. Wolfenbutte, Technical Digest of the IEDM, 
1998). Filters for several different wavelengths were fabricated on the same silicon wafer. 
10 The above-mentioned work proves that such concept not only works, but that it can 

also be implemented with technology compatible with CMOS. This work aimed at 
instrumentation for spectroscopic analysis. The filters were "discrete" components, and not 
elements in a matrix covering the full surface of the silicon wafer, which is absolutely 
necessary for displays. Application of the filters as color filters for Flat Panel Displays were 
1 5 not mentioned or even suggested in said reference. The embodiment shown in FIGS. 1 A and 
IB has the following specific advantages: it is very simple to fabricate due to color- 
independence of the mirrors, and the filter height / thickness roughly corresponds to the 
cavity length. 

Metallic mirrors positioned at the top and bottom of the microcavity however have a 
20 big drawback. The top mirror, although sharply enhancing the reflectivity at that surface, 
also absorbs light despite of being a thin film. However, it is possible to have high 
reflectivity surfaces without light absorption when the metallic mirrors are replaced by 
dielectric mirrors, of which the Distributed Bragg Reflector (DBR) is the simplest and best 
known example. 

25 For already many years, Vertical Cavity Semiconductor Lasers have made use of 

Distributed Bragg Reflectors. DBRs are made with alternating layers of semiconductor or 
dielectric materials with indices of refraction as different as possible. With appropriate 
design of the sequence and thickness of those dielectric layers, high reflectivity without 
absorption is possible. The non-absorption is for photons with energies smaller than the 

30 band-gap of the semiconductor or dielectric materials used. 

DBRs are quite different from metal mirrors, not just by the fact of not absorbing 
electromagnetic radiation, but also because they are very wavelength-sensitive and very 
directional. In fact, a DBR is transparent to all wavelengths other than the one it was 
designed to reflect and a small interval of wavelengths centered around it. 

35 Owing to their property of being sensitive to the wavelength, DBRs can serve 

simultaneously as mirrors and filters, thereby considerably simplifying the requirements to 
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make color filters because it becomes unnecessary to fabricate a microcavity for each 
wavelength to be filtered. 

Assuming that the filters for all wavelengths use the same dielectric materials, and 
that these materials have optical parameters that remain nearly constant for the range of 
5 wavelengths in question, then designing a DBR for a particular wavelength, amounts just to 
specify the number of pairs of dielectric layers and the precise thickness of each layer. 

It should be perfectly feasible to fabricate "color filters" for FPDs, using such well 
known and commonly used materials (in silicon technology) like S1O2 and ShN 4 , which have 
very wide band-gaps, which are far larger than the energy of photons in the visible range. 

10 As DBRs are very directional, that is, reflectivity is very dependent on the angle of 

incidence upon the dielectric mirrors, this makes "regular" DBRs very problematic for color 
filters for Flat Panel Displays, where poor viewing angles have plagued the mainstream 
technology (LCDs) up to the present day. 

However, recent developments at the theoretical and experimental level can solve 

15 this limitation of DBRs. It has been discovered that under certain circumstances, it is 
possible to make the DBRs with properties such that they can become a "One-Dimensional 
Photonic Band-Gap" (1D-PBG) material having the property of nearly perfect reflection for a 
very narrow band of wavelengths and of being transparent to all others, and all this with an 
extremely wide viewing angle. This development solves the problem of the "directionality" 

20 of the reflected waves, and from the optical point of view, makes these 1D-PBG DBRs an 
extremely good solution as color filters for Flat Panel Displays and Imagers. What is 
required for their application as color filters in Flat- Panel Displays is the fabrication of filters 
for three primary colors (typically R, G, B), having narrow interval of wavelengths (centered 
around each of those primary colors) for which light is reflected. This narrow interval is a 

25 requirement for good "spectral purity" of these color filters. The three filters can be stacked 
upon each other as they are transparent to all wavelengths other than the one that each of 
them is supposed to reflect and be a perfect mirror to. 

If it turns out that amorphous and poly-crystalline materials like Si0 2 and SijNj (or 
others equally well known and used in microelectronics), are not "good enough" for the 

30 fabrication of these special 1D-PBG DBRs, then it may be suitable to use insulators which 
are known to be epitaxially compatible with silicon. There are very wide Band-Gap insulator 
materials like AhCh (Sapphire), CaF 2i CdF 2i Ce0 2 . These have been demonstrated to 
deposit on silicon with very high epitaxial quality (given the appropriate set of experimental 
conditions), and stacks with multiple layers of these materials and silicon have also been 

35 fabricated. 

FIGS. 3 and 4 schematically represent two implements with dielectric mirrors. In 
FIG. 3, the mirrors/filters for the different colors are made side-by-side. Because the DBRs 
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are transparent to the "non-resonant" wavelength, there is a need to have an absorbing layer 
3 ) at the back of each reflector 33 (rather than a metal mirror which would reflect back all 
wavelengths). For example, silicon and silicon-germanium films, can be efficient absorbers 
of electromagnetic radiation in the visible range. In the variation shown in FIG. 4, the 
5 mirrors/filters 35, 37, 39 are positioned on top of each other, with only one photon-absorbing 
layer 31 positioned at the bottom of the slack of 3 DBRs. This implementation requires a 
wavelength-sensitive "Light- Valve". Such a wavelength-sensitive light- valve can be 
implemented directly on top of the reflectors as shown at 40 in FIG. 8. 

The wavelength filter structure with dielectric mirrors as described in the foregoing 
1 0 has specific advantages that can be summarized as follows: 

- Absence of absorption enables extremely high reflectivity values. 
-Freedom in choosing wide range of reflectivity values for each reflector. 
-Reflector layers do not have be conductive, thereby giving extra freedom in choosing 
materials. 

] 5 .Qain in process simplification and a factor of 3 in area and/or resolution and/or signal- 

to-noise ratio, when positioning the 3 primary color filters on top of each other, possible with 

wavelength-selective light-valves. 

The method of realizing an addressing matrix with integrated wavelength filter 

structure according to the invention is described herein after with reference to FIGS. 5 to 8 
20 which illustrate exemplary process flows for both embodiments set out in the foregoing. All 

the process flows are based on the assumption that the substrate is planarized (for example 

with an insulator layer such as Si0 2 )- 

FIGS. 5 and 6 illustrate two process flows for the fabrication of a wavelength filter 

structure with metal mirrors. 
25 Process Flow #1 

The three different optical path lengths are achieved by: 

• Deposition of bottom metallic mirror. 

• Deposition of dielectric film or film stack with total thickness corresponding to cavity 
length required for the longest wavelength to be filtered (Red color). 

30 • First patterned etch of cavity material, to match cavity length required for the Green color 
filter. 

• Second patterned etch, of cavity material, to match cavity length required for the Blue 
color filter. 

« Optional deposition of a very thin metal film as the top mirror for all cavities. 
35 This process can be implemented using the following steps: 
FIG. 5A: 

1) Deposition (typically PVD) of metal film ( Al or Ag). 
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2) Deposition (typically Plasma CVD) of dielectric film(s), for example Si 3 Nj . 
FIG. 5B: 

3) Lithography: Mask ftl : Protect Red pixels. 

4) Controlled etch (wet or dry) of Si 3 N^ layer, stopping when remaining thickness is suitable 
5 for Green color filter. An ultra-thin film of a different material (like SiON for example) can 

be inserted during the deposition of the cavity material, as a marker layer to reliably stop the 
etch. 

5) Photo-resist strip + clean.. 
FIG. 5C: 

1 0 6) Lithography: Mask #2 : Protect Red and Green pixels. 

7) Controlled etch (wet or dry) of Si$N 4 layer, stopping when remaining thickness is suitable 
for Blue color filter. An ultra-thin film of a different material (like SiON for example) can 
be inserted during the deposition of the cavity material, as a marker layer to reliably stop the 
etch. 

1 5 8) Photo-resist strip + clean. 
FIG. 5D: 

9) Optional deposition (typically PVD) of a thin metal film as top mirror ( Al or Ag for 
example). 
Process Flow #2 
20 The three different optical path lengths are achieved by: 

• Deposition of metallic mirror under the cavity for the Red color. 

• Deposition of dielectric film with thickness corresponding to cavity of Red filter. 

• Deposition of metallic mirror under the cavity for Green color. 

• Deposition of dielectric film with thickness corresponding to cavity of Green filter. 
25 • Deposition of metallic mirror under the cavity for Blue color. 

• Deposition of dielectric film with thickness corresponding to cavity of Blue filter. 

• First patterned etch of cavity material and bottom metal mirror for Blue color. 

• Second patterned etch of cavity materia l and bottom metal mirror for Green color. 

• Optional deposition of a very thin metal film as the top mirror for all cavities. 
30 This method can be implemented using the following steps: 

FIG. 6A 

1) Deposition (typically PVD) of metal film ( Al or Ag), to be the mirror for the Red color 
filter. 

2) Deposition (typically CVD) of dielectric film(s) for cavity of Red filter (for example 
35 Si 3 N 4 \ 
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3) Deposition (typically PVD) of metal film ( Al or Ag\ to be the mirror for the Green color 
filter. 

4) Deposition (typically CVD) of dielectric film(s) for cavity of Green filter (for example 

5 5) Deposition (typically PVD) of metal film ( Al or Ag\ to be the mirror for the Blue color 
filter. 

6) Deposition (typically CVD) of dielectric film(s) for cavity of Blue filter (for example 
FIG. 6B 

10 7) Lithography: Mask #1 : Protect Blue pixels. 

8) Controlled etch (wet of dry) of cavity and bottom mirror films for Blue filter, stopping on 
the surface of the cavity material for the Green color filter. 

9) Photo-resist strip + clean. 
FIG. 6C 

15 10) Lithography: Mask #2 : Protect Blue and Green pixels. 

1 1) Controlled etch (wet or dry) of cavity and bottom mirror films for Green filter, stopping 
on the surface of the cavity material for the Red color filter. 

12) Photo-resist strip + clean. 
FIG. 6D 

20 13 Optional deposition (typically PVD) of a thin metal film as top mirror {Al or Ag for 
example). 

Referring now to FIGS. 7 and 8, there is illustrated two process flows for the 
fabrication of a wavelength filter structure with dielectric mirrors, using one-dimensional 
25 photonic band-gap DBRs (Distributed Bragg Reflectors). As noted above herein, the 
substrate is assumed to be planarized (e.g. with an insulator layer such as Si0 2 ). 
Process Flow # 1 

The three different optical path lengths are achieved by: 

• Deposition of bottom photon-absorbing film under the Red color mirror/filter. 
30 • Deposition of stack of dielectric film to make the Red color mirror/filter DBR). 

• Deposition of middle photon-absorbing film under the Green color mirror/filter. 

• Deposition of stack of dielectric film to make the Green color mirror/filter (DBR). 

• Deposition of top photon-absorbing film under the Blue color mirror/filter. 

• Deposition of stack of dielectric film to make the Blue color mirror/filter (DBR). 
35 • First patterned etch of top DBR (for Blue color) and top photon-absorbing film. 
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• Second patterned etch of middle DBR (for Green color) and middle photon-absorbing 
film. 

This method can be implemented using the following steps: 
FIG. 7A 

5 1 ) Deposition (for example CVD) of photon-absorbing film. 

2) Deposition (for example CVD) of DBR for Red color. 

3) Deposition (for example CVD) of photon-absorbing film. 

4) Deposition (for example CVD) of DBR for Green color. 

5) Deposition (for example CVD) of photon-absorbing film. 
1 0 6) Deposition (for example CVD) of DBR for Blue color. 

FIG. 7B 

7) Lithography: Mask#l : protect DBR layers for Blue color with resist. 

8) Etch (wet or dry) of DBR for Blue and photon-absorbing films, stopping on the DBR for 
Green. 

1 5 9) Photo-resist strip + clean. 
FIG. 7C 

7) Lithography: Mask #2 : protect DBR layers for Blue & Green colors with resist. 

8) Etch (wet or dry) of DBR for Green and photon-absorbing films, stopping on the DBR for 
Red. 

20 9) Photo-resist strip + clean. 
Process Flow #2 

The 3 different optical path lengths are achieved using the following steps (FIG. 8): 

• Deposition (e.g. CVD) of bottom photon-absorbing film (e.g. a photodetector, like 
25 imager or solar cell), 

• Deposition of stack of dielectric films to make the mirror/filter (DBR) for Red color. 

• Deposition of stack of dielectric films to make the mirror/filter (DBR) for Green color 

• Deposition of stack of dielectric films to make the mirror/filter (DBR) for Blue color 

• Formation of wavelength-selective light-valves. 



35 
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Claims 

1. A flat panel color display or imaging device or the like comprising a back panel 
with an addressing matrix (12) , light-valve means (16) and a front-side panel (18) , 
wherein the addressing matrix panel (12) has a photonic wavelength filter structure (14) 

5 positioned on one face thereof such that it is located between the addressing matrix and the 
light-valve means. 

2. A flat panel device as claimed in claim I, wherein the photonic wavelength filter 
structure (14) includes, for each color wavelength, a stack of microcavity material having a 
substantially large refractive index. 

10 3. A flat panel device as claimed in claim 2, wherein the stack of microcavity 

material comprises at least one optical cavity film (23) positioned on a bottom metal mirror 
plate (21). 

4. A flat panel device as claimed in claim 3, wherein said at least one optical cavity 
film has a specific thickness for each color wavelength, and wherein the stack for the 

1 5 different color pixels are positioned side-by-side. 

5. A flat panel device as claimed in claim 2, wherein said at least one optical cavity 
film has a specific width for each color wavelength and wherein the stack for the different 
color wavelengths are positioned on top of each other, each stack extending such that the 
different color pixels are side-by-side. 

20 6. A flat panel device as claimed in either of the preceding claims, wherein each 

stack of microcavity material has a metal mirror plate (25) positioned on top thereof. 

7. A flat panel device as claimed in claim 2, wherein the stack of microcavity 
material ( 1 7) comprises a stack of a light absorbing layer (3 1 ) and at least one wavelength- 
selective photonic band-gap reflector (33). 

25 8. A flat panel device as claimed in claim 7, wherein said stack (31, 33) has a 

different width for each color wavelength and wherein the stack for the different color 
wavelengths are positioned on top of each other, each stack extending such that the different 
color pixels are side-by-side. 

9. A flat panel device as claimed in claim 2, wherein the stack of microcavity 
30 material comprises a light absorbing layer (31) and a stack of co-extensive wavelength- 
selective photonic band-gap reflectors (35, 37, 39), each reflector having a different 
thickness . 

10. A flat panel device as claimed in claim 9, wherein the light-valve means is 
integrated on top of said stack of wavelength-selective photonic band-gap reflectors and 

35 wherein said light-valve means is sensitive to the wavelength. 
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11. A flat panel device as claimed in either of claims 7 to 10, wherein each stack of 
wavelength -selective reflectors is made of a one-dimensional photonic band-gap material 
having reflection properties for a very narrow band of wavelength. 

12. A flat panel device as claimed in either of the preceding claims, wherein the 
photonic wavelength filter structure is formed on amorphous, poly-crystalline or single 
crystal substrate. 

13. A color addressing matrix panel as defined in any of the foregoing claims. 
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